The effect of exogenous hormones on the incidence of breast cancer has been extensively studied. Most studies regarding hormonal contraception have focused on combined oral contraceptives, and there is paucity of literature regarding nonoral and progestinonly contraceptives. The present study analyzed the relationship between breast cancer and use of the levonorgestrel-releasing intrauterine system.
CONCLUSION:
The results suggest that the use of the levonorgestrel-releasing intrauterine system is not associated with an increased risk of breast cancer. (Obstet Gynecol 2005; 106:813-7) LEVEL OF EVIDENCE: II-2 T he effect of hormonal contraception in the progression or occurrence of breast cancer remains controversial. One of the frequently asked questions concerning levonorgestrel-releasing intrauterine system is whether it affects the risk of breast cancer. The present study is a continuation of the previously published postmarketing epidemiologic study which was performed to establish the performance, user satisfaction, and continuation rate of the levonorgestrel-releasing intrauterine system in a large population (n ϭ 17,360) of women regularly using the levonorgestrel system for contraception. 1 The purpose of that study was to collect information on the incidence of complications requiring hospital treatment in levonorgestrel system users, either during or after levonorgestrel system use. Due to the possibility of hormonal contraception as a risk factor for hormonerelated cancers, breast cancer was chosen among the target diagnoses. Because of the rarity of other hormonerelated cancers, such as endometrial cancer, among women of reproductive age, only breast cancer was chosen as a target diagnosis in the present study.
MATERIALS AND METHODS
This epidemiologic study was based on a questionnaire sent to 23,885 women in Finland who had had a levonorgestrel-releasing intrauterine system (Mirena, Schering Oy, Turku, Finland) inserted between January 1990 and December 1993. The women were asked to sign and return the insertion form included in the levonorgestrel system sales package. A questionnaire form was sent in April 1996 to the women who returned the insertion form and whose identification information was reliable, allowing the use of the information provided for scientific research and for comparison with other health documents. These signatures represent the women's informed consent. The objective of the study was to collect information on complications occurring in levonorgestrel system users (either during or after the levonorgestrel system use) which required hospital treatment. In the present study, a potential association between the use of the levonorgestrel system and the occurrence of breast cancer was assessed. The study was based on a reanalysis of the data obtained in an earlier postmarketing study [1] [2] [3] [4] and the data on breast cancer diagnoses from Finnish Cancer Registry (between January 1990 and December 2000 for levonorgestrel system users and from year 1998 for the yearly average incidence for the Finnish female population). The study was conducted in accordance with the ethical principles of the Declaration of Helsinki. The ethics committee approval for the previous postmarketing study was received from the Ethical Committee of the Medical Faculty of the University of Turku. For the present study, the approval for collecting information from the cancer registry was granted by the Finnish National Research and Development Centre for Welfare and Health. This approval includes permission from the Data Protection Ombudsman.
The statistical methods used in this study to compare the breast cancer incidence among the women who were inserted with an levonorgestrel system and the yearly breast cancer incidence in Finland were the calculation of breast cancer incidences and their 95% confidence intervals. The incidence of breast cancer diagnosis per 100,000 womanyears was calculated using the following formula: 10 5 times the number of subjects with the diagnosis divided by the number of woman-years.
The confidence intervals were based on the 2 distribution. 5 The Fisher exact test was used to compare the breast cancer incidences within each age group. Spearman correlation coefficients were calculated within each levonorgestrel system age group for the relationship between breast cancer incidence and time since levonorgestrel system insertion.
RESULTS
Of the total of 23,885 levonorgestrel system users to whom questionnaires were sent, 18,527 (77.6%) users returned the questionnaire. A total of 1,167 questionnaires had to be left out from further analyses due to lacking or uninterpretable data or lack of signature on the questionnaire, leaving questionnaires from a total of 17,360 levonorgestrel system users available. At the time the women filled out the questionnaire, 66.5% of the levonorgestrel system users were still using the levonorgestrel system. The mean age of the levonorgestrel system users was 35.4 years at baseline (determined as the time of insertion of the levonorgestrel system). The disposition of woman-years and the number of breast cancers diagnosed in each age group are presented in Figure 1 . The breast cancer diagnoses (n ϭ 165) that occurred in the study population during the entire study period from 1990 to 2000 were obtained from the national Finnish Cancer Registry. The number of breast cancer cases and gathered woman-years in age groups less than 30 years and more than 54 years, respectively, were not considered large enough for epidemiologic analyses, therefore the incidences were not further analyzed for these age groups.
The incidence of breast cancer with 95% confidence intervals in levonorgestrel system users is presented in Figure 2 by age group per 100,000 woman-years, and is compared with the incidence data derived from the national Finnish Cancer Registry from the year 1998. In 3 age groups (40-44 years, 45-49 years, and 50-54 years), the point estimates for the breast cancer incidence in the average population seems to be higher than among the levonorgestrel system users, and in 2 age groups (30 -34 years and 35-39 years, Fig. 3 ), the point estimate for the levonorgestrel system users seems to be higher than in the average Finnish female population. Based on the 95% confidence intervals for the incidences of breast cancer and Fisher exact test, there is no indication of a difference between the levonorgestrel system users and average Finnish female population in any of the 5-year age groups.
When the incidence of breast cancer among the levonorgestrel system users was observed as a func- Fig. 1 . Distribution of woman-years and breast cancer diagnoses by age group.
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tion of time elapsed from the intrauterine system insertion to the occurrence of breast cancers, there was no apparent association between the length of time elapsed from the intrauterine system insertion up to 10 years and the yearly incidence of breast cancer either in any 5-year age category or in the pooled data (Fig. 3) . This does not support a causal relationship between the use of the levonorgestrel system and the occurrence of breast cancer. However, a causal relationship cannot be totally excluded, either.
DISCUSSION
Although numerous epidemiologic studies have tried to find out whether there is an association between the use of oral contraceptives and breast cancer 6 (reviewed in Burkman et al 7 ), relatively little has been published relating to nonoral hormonal contraception. Regarding progestin-only contraceptives, a large study on the incidence of breast cancer in users of the subdermal 6-rod levonorgestrel implant (Norplant, Wyeth, Madison, NJ) has been published previously. 8, 9 This Norplant postmarketing surveillance study, which is a 5-year cohort study with 78,000 womanyears of observation, did not show any statistically significant difference in the occurrence of malignant neoplasms, including breast cancer, between levonorgestrel implant users and controls 8, 9 (reviewed by Sivin 10 ). Also, a recent case-control study failed to detect any increase in breast cancer risk after the use of levonorgestrel implants or injectable progestin-only contraceptives. 11 Because the systemic exposure to levonorgestrel is considerably less with the levonorgestrel system than with the levonorgestrel implant due to lower serum levonorgestrel levels, 10,12 the breast cancer risk of levonorgestrel system users is not expected to be higher than that of levonorgestrel implant users. These data are nevertheless important, because there are more than 4 million current users of the levonorgestrel system.
The reliability of the source data regarding the general incidence of breast cancer is high, 13 because in Finland almost 100% of all cancer diagnoses are included in the Finnish Cancer Registry, from which both the overall breast cancer incidence as well as the cancer diagnoses of the levonorgestrel system users were derived. Regarding the levonorgestrel system users, final data for analyses was available from 72.7% of women to whom the questionnaire was originally sent, which can be considered a large enough proportion to represent an average levonorgestrel system user. However, a nonresponse bias cannot be totally excluded, either. Inevitably, the levonorgestrel sys- For pooled data, the confounding effect of age has been eliminated by applying a direct method of age adjustment so that the overall yearly incidences of breast cancer are based on the same age structure and, thus, are comparable. 17 The horizontal line represents the average incidence of breast cancer (derived from the Finnish Cancer Registry) in each age group. Spearman correlation coefficients (r) are presented in each panel (A-F). LNG IUS, levonorgestrelreleasing intrauterine system. Fig. 2 . Incidence of breast cancer per 100,000 womanyears by age group in levonorgestrel-releasing intrauterine system users and the overall Finnish female population (average). The P values refer to the Fisher exact test. LNG IUS, levonorgestrel-releasing intrauterine system.
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tem users are included in the overall Finnish female population from which the Finnish Cancer Registry's incidence rates are derived. Because there is no official registry of all levonorgestrel system users in Finland, it is impossible to subtract the levonorgestrel system users from the overall Finnish population. In case the proportion of levonorgestrel system users to the overall Finnish population would be significant in any age category, this could cause a bias in the results. However, based on sales figures and marketing surveys on the levonorgestrel system use in Finland, it can be estimated that the proportion of levonorgestrel system users among Finnish women aged 15-44 years is below 10%. Also, because the yearly breast cancer incidence of the Finnish female population is from 1 year (1998) and the breast cancers of the levonorgestrel system users are collected over a period of 10 years (1990 -2000) , the effect of the removal of the cases that occurred in the levonorgestrel system users in 1998 (18 cases) on the population incidences is considered negligible.
Factors that influence breast cancer incidence include factors related to genetic background, reproductive and hormonal factors, factors related to life-style and environmental factors (such as smoking and alcohol use and geographic location) as well as various factors related to socioeconomic status and education.
14 These causative factors have been identified also in the Finnish population-based studies (Lillberg K. Psychological stress, personality and risk of breast cancer: Follow-up studies in the Finnish Twin Cohort. Thesis, Department of Public Health, University of Helsinki, 2003). The relative influence of these factors on breast cancer risk varies considerably, 14, 15 and because of the study setting, it was impossible to control such confounding factors in the present study.
Among the strongest factors that influence the incidence of breast cancer risk are education and social status, with women with a higher socioeconomic status having an elevated risk of breast cancer compared with women with a low socioeconomic status. 16 In the present study the socioeconomic status of the breast cancer patients retrieved from the Finnish Cancer Registry was not recorded, but the data represent the average socioeconomic status of breast cancer patients in Finland. As described earlier, the proportions of women in leading (ie, professional) as well as in white-collar positions is higher among the sample of levonorgestrel system users in this study compared with the Finnish women in general. 1 Thus, this should increase the incidence of breast cancer among the levonorgestrel system users. However, no increase was seen in the results of the present study (Fig. 3) . Furthermore, according to the product information, women are encouraged to undergo an annual gynecologic examination (including an examination of the breasts) after the insertion of the levonorgestrel system. Due to the close surveillance, the incidence of breast cancer could therefore be further accentuated. On the other hand, the levonorgestrel system is in Finland considered as the first line contraceptive only for parous women. It can, therefore, be assumed that the percentage of parous women is higher among levonorgestrel system users than in the general population. If that is the case, the protective effect of higher parity may partially compensate for the increased risk associated with a higher socioeconomic class.
In conclusion, this postmarketing study does not support an association between levonorgestrel-releasing intrauterine system use and the development of breast cancer. On the other hand, an elevated breast cancer risk cannot be totally eliminated either, due to the limited control of confounding factors in the present study. Additional larger studies with a different methodologic approach are needed either to confirm or refute the findings in this study.
